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Assessment of theobromine-induced cytotoxicity in bladder 
cancer cell lines: Determination of IC50 values step-by-step 

using RStudio

Teobrominin mesane kanseri hücre hatlarında sitotoksik etkisinin 
değerlendirilmesi: IC50 değerlerinin adım adım RStudio kullanarak 

belirlenmesi

ÖZET 

Amaç: Kanser, küresel bir sağlık sorunudur ve yeni 

tedavi stratejilerinin geliştirilmesi gerekmektedir. 

Yaygın olarak kullanılan bir kemoterapötik ajan olan 

sisplatin, çeşitli kanserleri tedavi etmede etkili olsa 

da, tedavi direnci sorun oluşturmaktadır. Kakao içinde 

bulunan bir metilksantin olan teobromin ise potansiyel 

antikanser etkiler göstermiştir, ancak etkinliği ve 

mekanizmaları daha az anlaşılmıştır. Bu çalışmada, 

sisplatin ve teobrominin mesane kanseri hücre 

hatları HTB9 ve RT-112 üzerindeki sitotoksik etkileri 

araştırılmış ve IC50 değerleri RStudio ile belirlenmiş, 

GraphPad Prism verileri ile karşılaştırılmıştır.

Yöntem: HTB9 ve RT-112 hücre hatları kültüre 

edilip, çeşitli konsantrasyonlarda sisplatin ve 

teobromin ile tedavi edilmiştir. Hücre canlılığı WST-

1 testi ile değerlendirilmiştir. Doz-cevap verileri 

kullanılarak RStudio ve GraphPad Prism programlarında 

IC50 değerleri hesaplanmıştır. RStudio’nun ggplot2 

ve drc paketleri gibi gelişmiş istatistiksel modelleme 

ABSTRACT

Objective: Cancer remains a significant global 

health issue, and the development of novel therapeutic 

strategies is crucial. Cisplatin, a widely used 

chemotherapeutic agent, is effective in treating various 

cancers but faces limitations due to resistance and 

side effects. Theobromine, a methylxanthine found in 

cocoa, has shown potential anticancer effects, but its 

efficacy and mechanisms remain less understood. This 

study investigates the cytotoxic effects of cisplatin and 

theobromine on bladder cancer cell lines, HTB9 and 

RT-112, and compares the use of RStudio and GraphPad 

Prism for IC50 determination.

Methods: HTB9 and RT-112 cell lines were cultured 

and treated with cisplatin and theobromine at varying 

concentrations. Cell viability was assessed using WST-1 

assay. Dose-response data were analyzed using RStudio 

and GraphPad Prism to calculate IC50 values. RStudio’s 

advanced statistical modeling and visualization 

capabilities, including the ggplot2 and drc packages, 
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INTRODUCTION

Cancer continues to be a major worldwide 

health concern, requiring ongoing research and 

development of new treatment approaches. Bladder 

cancer remains one of the most prevalent and 

challenging malignancies worldwide, necessitating 

ongoing research to develop effective therapeutic 

strategies (1). The RT-112 cell line is a widely utilized 

model for studying human urothelial carcinoma 

(2,3).  This bladder cancer cell line derived from a 

female patient in 1973. This cell line originates from 

transitional cell carcinoma of the bladder. RT-112 

cells exhibit an epithelioid morphology, growing in 

adherent monolayers (4). The HTB9 cell line derived 

from human urothelial carcinoma, has emerged as 

a critical model for studying the pathophysiology of 

bladder cancer. This cell line is characterized by its 

origin from a high-grade transitional cell carcinoma, 

providing a representative model for investigating the 

aggressive nature of bladder cancer. It retains many 

features of the original tumor, including its invasive 

properties and resistance to conventional therapies, 

making it a valuable tool for preclinical research (5–

7). These cell lines are extensively used to explore 

various aspects of bladder cancer biology, including 

tumorigenesis, drug resistance, and the efficacy of 

new therapeutic compounds. They provide a relevant 

CYTOTOXICITY DOSE EVALUATION USING RSTUDIO

ve görselleştirme yetenekleri kullanılarak doz-cevap 

ilişkileri ve IC50 değerleri değerlendirilmiştir. 

Bulgular: Her iki hücre hattı ve bileşenler için doz-

cevap eğrileri ve IC50 değerleri elde edilmiştir. Sisplatin 

IC50 değerleri sırasıyla RT-112 ve HTB9 hücreleri için 

9.398 µM ve 2.018 µM olarak bulunmuştur. Teobromin 

IC50 değerleri ise sırasıyla RT-112 ve HTB9 hücreleri 

için 15.253 µM ve 3.78 µM olarak bulunmuştur. Hem 

RStudio hem de GraphPad Prism güçlü analizler 

sunmuş, RStudio ayrıntılı özelleştirme ve gelişmiş 

istatistiksel modelleme sunarken, GraphPad Prism 

IC50 hesaplamaları için verimli ve kullanıcı dostu bir 

platform olduğu görülmüştür.

Sonuç: Bu çalışma, doz-cevap verilerinin 

analizinde RStudio ve GraphPad Prism’in karşılaştırmalı 

etkinliğini vurgulamıştır. RStudio, karmaşık analizler 

için esneklik ve hassasiyet sunarken, GraphPad 

Prism IC50 hesaplamaları için kolaylık açısından ideal 

bulunmuştur. Bulgular, araştırmacıların ilaç etkinliğini 

değerlendirmede bu araçlar arasında özel ihtiyaçlarına 

göre seçim yapmaları gerektiğini önermektedir.

Anahtar Kelimeler: Mesane kanseri, sisplatin, 

sitotoksisite, RStudio, teobromin 

were employed to assess dose-response relationships 

and IC50 values.

Results: Dose-response curves and IC50 values 

were generated for both cell lines and compounds. 

Cisplatin IC50 values were 9.398 µM and 2.018 µM for 

RT-112 and HTB9 cells respectively. Theobromine IC50 

values were 15.253 µM and 3.78 µM for RT-112 and HTB9 

cells respectively. Both RStudio and GraphPad Prism 

provided robust analyses, with RStudio offering detailed 

customization and advanced statistical modeling, while 

GraphPad Prism provided a user-friendly and efficient 

platform for IC50 determination. 

Conclusion: The study highlights the comparative 

effectiveness of RStudio and GraphPad Prism in analyzing 

dose-response data. RStudio offers flexibility and 

precision for complex analyses, whereas GraphPad Prism 

is ideal for straightforward, efficient IC50 calculations. 

The findings suggest that researchers should choose 

between these tools based on their specific needs for 

customization, expertise, and ease of use in evaluating 

drug efficacy in cancer research.  

Key Words: Bladder cancer, cisplatin, cytotoxicity, 

Rstudio, theobromine
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platform for evaluating therapeutic agents aimed at 

treating bladder cancer (8,9). 

Cisplatin, a platinum-based chemotherapeutic 

agent, has been a cornerstone in the treatment 

of various cancers due to its ability to induce DNA 

cross-links, thereby disrupting DNA replication and 

triggering apoptotic pathways (10–12). Despite its 

efficacy, Cisplatin’s clinical use is limited by the 

development of resistance and significant side 

effects, highlighting the need for complementary 

or alternative therapeutic approaches (13). 

Theobromine, a methylxanthine found predominantly 

in cocoa and chocolate, has been recognized for 

its stimulant and antioxidant properties (14,15). 

Emerging research suggests that theobromine might 

possess anticancer potential, though its effects and 

mechanisms are less well-characterized compared 

to established chemotherapeutic agents (16–18). 

Theobromine has demonstrated cytotoxic effects 

in various cancer models, potentially through 

mechanisms involving apoptosis and cell cycle 

regulation (19,20). Theobromine exerts its anti-cancer 

effects by inducing apoptosis, inhibiting angiogenesis 

and cell proliferation and targeting molecules such as 

EGFR, which is overexpressed in cancer (21,22).

The Water Soluble Tetrazolium-1  (WST-1) assay 

is a widely employed colorimetric method for 

evaluating cell viability and proliferation. This assay 

is based on the reduction of tetrazolium salts to 

formazan dyes, which provides an indirect measure 

of cellular metabolic activity and, cell viability 

(23,24). The accurate assessment of dose-response 

relationships is crucial in evaluating the efficacy 

and toxicity of new therapeutic agents, making the 

determination of appropriate dosing levels a key 

aspect of pharmacological research (25).

The analysis of dose-response data can be 

complex, requiring sophisticated statistical and 

graphical tools to accurately interpret the results. 

GraphPad Prism and RStudio are two powerful 

tools commonly used for this purpose. The Rstudio 

interface is an integrated development environment 

for using the R programming language. GraphPad 

Prism offers robust capabilities for visualizing data 

and performing nonlinear regression analyses, such 

as IC50 (half-maximal inhibitory concentration) 

calculations. In contrast, RStudio provides extensive 

functionalities for statistical modeling and data 

manipulation, allowing for more customized and 

detailed analyses. GraphPad Prism is widely used for 

its strengths in data visualization and to derive key 

dose-response parameters. 

In this context, our study aimed to evaluate the 

cytotoxic effects of cisplatin and theobromine on the 

HTB9 and RT-112 bladder carcinoma cell lines. By 

providing insights into the efficacy of these compounds, 

this research could contribute to the development of 

improved treatment regimens for bladder cancer. 

We used WST-1 assay to investigate cell viability at 

various dosages and used RStudio (version 1.1.463) 

to analyze and interpret the data. RStudio was used 

to perform advanced statistical modeling capabilities 

and comprehensive data analysis. We aimed to expand 

the use of RStudio, improve the precision of our dose-

response assessments and gain deeper insights into 

the effects of various treatments. For this purpose 

we compared the IC50 values obtained from GraphPad 

Prism software and RStudio.

This study investigates the cytotoxic effects 

of cisplatin and theobromine on bladder cancer 

cell lines, HTB9 and RT-112, and compares 

the use of RStudio and GraphPad Prism for IC50 

determination.

 MATERIAL and METHOD

Cell Culture

Human invasive bladder cancer HTB9 and human 

non-invasive bladder cancer RT-112 cell lines were 

cultured in RPMI-1640 medium containing 10% Fetal 

Bovine Serum and 1% penicillin/streptomycin at 37°C 

and 5% CO2 in two dimensions.

Theobromine was acquired from Sigma-Aldrich 

(catalog number: T4500) and dissolved in dimethyl 
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sulfoxide (DMSO, Merck, Saint Louis, MO, USA) to 

have a 1 mM stock solution. Cisplatin (European 

Pharmacopoeia) was prepared with DMSO to obtain a 

500 µM stock solution. 

Cell proliferation and differentiation

For measurement of cell viability and 

proliferation, RT-112 and HTB9 cells were seeded 

at 5 x 104 cells/well in 96-well plates. These cells 

were divided into three groups. Cells treated with 

0, 5, 10, 25, 50, 100 or 200 µM theobromine (Sigma-

Aldrich-T4500); 0, 1, 2.5, 5, 10, 25 or 50 µM cisplatin 

(European Pharmacopoeia)  (as positive control) 

and untreated control group (negative control). To 

eliminate the effects from DMSO, the concentrations 

were added to the negative control wells at a rate 

where theobromine and cisplatin were dissolved 

along with the medium.

The colorimetric WST-1 (5 mg/mL, Cayman 

Chemical) for measuring cell viability and 

proliferation was performed at 24 and 48 hours for 

RT-112 and HTB9 cells. 10 µl of WST-1 reagent will 

be added to all wells and after 4 hours of incubation, 

absorbance was read on a microplate reader (BioTek 

Epoch Microplate Spectrophotometer) at 450 nm. 

IC50 value will be calculated using RStudio program 

(version 1.1.463). All experiments were performed 

three times. 

Determination of IC50 Values Using GraphPad 
Prism

To create a dose-response graph for RT-112 and 

HTB9 cells that were treated with cisplatin and 

theobromine at different doses over 24 and 48 hours 

using GraphPad Prism, follow these steps (Figure 1a, 

Figure 1b, Figure 2a and Figure 2b).

Prepare your data

We converted our data into a table with 

concentrations (independent variable, X-axis) and 

corresponding responses (dependent variable, Y-axis, 

such as % inhibition or viability). And ensured that the 

datas are normalized (100% for the highest effect).

Steps in GraphPad Prism

We created a new data table and selected XY 

as the type of data table and graph. We inputted 

our datas into the table. The X values were the 

concentrations (log scale), and Y values were  the 

responses.

Select the analysis

Go to Analyze > Nonlinear regression (curve fit) 

> Dose-response – Inhibition > Log(inhibitor) vs. 

response -- Variable slope

View the results	

The IC50 value were displayed in the results table, 

along with other parameters.

Determination of IC50 Values Using RStudio

To create a dose-response graph for RT-112 

and HTB9 cells that were treated with cisplatin 

and theobromine at different doses over 24 and 48 

hours using RStudio, follow these steps. We used the 

ggplot2 package to visualize the data.

Install and Load Required Packages

First, we installed the “ggplot2” package in the 

RStudio interface as follows:

install.packages(“ggplot2”)

library(tidyr)

library(dplyr)

library(ggplot2)

Prepare the Data 

We organized our data into a data frame to create 

a dose-response graph for RT-112 cells treated with 

cisplatin at different doses over 24 and 48 hours using 

RStudio:

# Define the doses and responses for RT-112 cells 

treated with cisplatin

doses <- c(0, 1, 2.5, 5, 10, 25, 50)

response_24h_replicates <- data.frame(Dose = 

doses,

  Rep1 = c(100.0, 98.2, 96.1, 93.4, 46.3, 8.5, 6.2),

  Rep2 = c(99.8, 97.7, 95.3, 93.6, 45.4, 9.1, 5.8),

  Rep3 = c(100.1, 99.3, 96.8, 92.7, 46.8, 7.9, 6.4))

CYTOTOXICITY DOSE EVALUATION USING RSTUDIO
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response_48h_replicates <- data.frame(Dose = 

doses,

  Rep1 = c(100.0, 89.8, 83.5, 70.2, 30.1, 6.3, 4.2),

  Rep2 = c(99.7, 90.2, 83.2, 69.7, 29.8, 6.0, 4.4),

  Rep3 = c(100.3, 90.5, 82.8, 70.0, 30.4, 6.1, 4.1))

# Transform data to long format

response_24h_long <- response_24h_replicates 

%>% pivot_longer(-Dose, names_to = “Repeat”, 

values_to = “Viability”) %>% mutate(Time = “24 

Hours”)

response_48h_long <- response_48h_replicates 

%>% pivot_longer(-Dose, names_to = “Repeat”, 

values_to = “Viability”) %>% mutate(Time = “48 

Hours”)

# Combine datasets

combined_data <- rbind(response_24h_long, 

response_48h_long)

# Calculate means and standard errors

summary_data <- combined_data %>% 

group_by(Dose, Time) %>% summarize(Mean = 

mean(Viability), SE = sd(Viability) / sqrt(n()), .groups 

= “drop” )

We organized our data into a data frame to create 

a dose-response graph for HTB9 cells treated with 

cisplatin at different doses over 24 and 48 hours using 

RStudio:

# Define the doses and responses for HTB9 cells 

treated with cisplatin

doses <- c(0, 1, 2.5, 5, 10, 25, 50)

response_24h_replicates <- data.frame(Dose = 

doses,

  Rep1 = c(98.7, 95.9, 38.2, 19.4, 14.5, 12.1, 9.3),

  Rep2 = c(104.5, 91.7, 41.5, 18.1, 13.6, 12.4, 

8.6),

  Rep3 = c(102.3, 91.7, 40.4, 19.9, 13.6, 11.9, 

9.0))

response_48h_replicates <- data.frame(Dose = 

doses,

  Rep1 = c(98.9, 89.5, 32.4, 17.5, 10.2, 3.9, 3.2),

  Rep2 = c(99.7, 90.3, 33.9, 17.1, 10.1, 4.1, 3.3),

  Rep3 = c(100.4, 90.8, 34.2, 16.9, 10.0, 3.8, 3.1))

# Transform data to long format

response_24h_long <- response_24h_replicates 

%>% pivot_longer(-Dose, names_to = “Repeat”, 

values_to = “Viability”) %>% mutate(Time = “24 

Hours”)

response_48h_long <- response_48h_replicates 

%>% pivot_longer(-Dose, names_to = “Repeat”, 

values_to = “Viability”) %>% mutate(Time = “48 

Hours”)

# Combine datasets

combined_data <- rbind(response_24h_long, 

response_48h_long)

# Calculate means and standard errors

summary_data <- combined_data %>% 

group_by(Dose, Time) %>% summarize(Mean = 

mean(Viability), SE = sd(Viability) / sqrt(n()), .groups 

= “drop” )

We organized our data into a data frame to create 

a dose-response graph for RT-112 cells treated with 

theobromine at different doses over 24 and 48 hours 

using RStudio:

# Define the doses and responses for RT-112 cells 

treated with theobromine

doses <- c(0, 5, 10, 25, 50, 100, 200)

response_24h_replicates <- data.frame(Dose = 

doses,

  Rep1 = c(98.75, 100.33, 90.04, 19.19, 13.52, 

11.59, 8.60),

  Rep2 = c(103.66, 96.97, 89.83, 18.09, 14.66, 

12.40, 8.74),

  Rep3 = c(96.82, 92.96, 86.28, 19.05, 13.90, 

11.75, 9.10))

response_48h_replicates <- data.frame(Dose = 

doses,

  Rep1 = c(96.39, 88.13, 43.41, 32.86, 25.71, 

18.43, 8.01),

  Rep2 = c(100.92, 85.92, 44.47, 31.91, 23.91, 

19.85, 8.37),

  Rep3 = c(103.08, 88.24, 42.23, 33.61, 24.85, 
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18.28, 8.00))

# Transform data to long format

response_24h_long <- response_24h_replicates 

%>% pivot_longer(-Dose, names_to = “Repeat”, 

values_to = “Viability”) %>% mutate(Time = “24 

Hours”)

response_48h_long <- response_48h_replicates 

%>% pivot_longer(-Dose, names_to = “Repeat”, 

values_to = “Viability”) %>% mutate(Time = “48 

Hours”)

# Combine datasets

combined_data <- rbind(response_24h_long, 

response_48h_long)

# Calculate means and standard errors

summary_data <- combined_data %>% 

group_by(Dose, Time) %>% summarize(Mean = 

mean(Viability), SE = sd(Viability) / sqrt(n()), .groups 

= “drop” )

We organized our data into a data frame to create 

a dose-response graph for HTB9 cells treated with 

theobromine at different doses over 24 and 48 hours 

using RStudio:

# Define the doses and responses for HTB9 cells 

treated with theobromine

doses <- c(0, 5, 10, 25, 50, 100, 200)

response_24h_replicates <- data.frame(Dose = 

doses,

  Rep1 = c(98.75, 48.47, 24.85, 20.42, 15.50, 

11.62, 9.93),

  Rep2 = c(104.51, 46.35, 26.95, 19.04, 14.57, 

11.77, 9.79),

  Rep3 = c(102.32, 46.35, 26.26, 20.94, 14.52, 

12.03, 10.11))

response_48h_replicates <- data.frame(Dose = 

doses,

  Rep1 = c(96.39, 37.83, 23.03, 16.17, 7.31, 1.96, 

1.99),

  Rep2 = c(97.92, 39.08, 23.21, 15.47, 7.33, 1.92, 

1.92),

  Rep3 = c(98.66, 36.86, 21.96, 15.30, 7.22, 2.04, 

2.00))

# Transform data to long format

response_24h_long <- response_24h_replicates 

%>% pivot_longer(-Dose, names_to = “Repeat”, 

values_to = “Viability”) %>% mutate(Time = “24 

Hours”)

response_48h_long <- response_48h_replicates 

%>% pivot_longer(-Dose, names_to = “Repeat”, 

values_to = “Viability”) %>% mutate(Time = “48 

Hours”)

# Combine datasets

combined_data <- rbind(response_24h_long, 

response_48h_long)

# Calculate means and standard errors

summary_data <- combined_data %>% 

group_by(Dose, Time) %>% summarize(Mean = 

mean(Viability), SE = sd(Viability) / sqrt(n()), .groups 

= “drop” )

Plot the Data

We used ggplot2 to create the graph:

To create a dose-response graph for RT-112 cells 

treated with cisplatin at different doses over 24 and 

48 hours using RStudio (Figure 3a):

# Create the plot for RT-112 cells treated with 

cisplatin

ggplot(summary_data, aes(x = Dose, y = Mean, 

color = Time, shape = Time)) + geom_line() + geom_

point(size = 3) + geom_errorbar(aes(ymin = Mean - SE, 

ymax = Mean + SE), width = 0.2) + scale_x_log10() + 

labs(x = “Dose (µM)”, y = “Viability (%)”, title = “Dose-

Response with Replicates (24h & 48h) of Cisplatin on 

RT-112 Cells”) + theme_minimal() + theme(legend.

position = “bottom”) + scale_color_manual(values = 

c(“24 Hours” = “blue”, “48 Hours” = “red”)) + scale_

shape_manual(values = c(16, 17))

To create a dose-response graph for HTB9 cells 

treated with cisplatin at different doses over 24 and 

48 hours using RStudio (Figure 3b):

# Create the plot for HTB9 cells treated with 

cisplatin
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ggplot(summary_data, aes(x = Dose, y = Mean, 

color = Time, shape = Time)) + geom_line() + geom_

point(size = 3) + geom_errorbar(aes(ymin = Mean - SE, 

ymax = Mean + SE), width = 0.2) + scale_x_log10() + 

labs(x = “Dose (µM)”, y = “Viability (%)”, title = “Dose-

Response with Replicates (24h & 48h) of Cisplatin on 

HTB9 Cells”) + theme_minimal() + theme(legend.

position = “bottom”) + scale_color_manual(values = 

c(“24 Hours” = “blue”, “48 Hours” = “red”)) + scale_

shape_manual(values = c(16, 17))

To create a dose-response graph for RT-112 cells 

treated with theobromine at different doses over 24 

and 48 hours using RStudio (Figure 4a):

# Create the plot for RT-112 cells treated with 

theobromine

ggplot(summary_data, aes(x = Dose, y = Mean, 

color = Time, shape = Time)) + geom_line() + geom_

point(size = 3) + geom_errorbar(aes(ymin = Mean - SE, 

ymax = Mean + SE), width = 0.2) + scale_x_log10() + 

labs(x = “Dose (µM)”, y = “Viability (%)”, title = “Dose-

Response with Replicates (24h & 48h) of Theobromine 

on RT-112 Cells”) + theme_minimal() + theme(legend.

position = “bottom”) + scale_color_manual(values = 

c(“24 Hours” = “blue”, “48 Hours” = “red”)) + scale_

shape_manual(values = c(16, 17))

To create a dose-response graph for HTB9 cells 

treated with theobromine at different doses over 24 

and 48 hours using RStudio (Figure 4b):

# Create the plot for HTB9 cells treated with 

theobromine

ggplot(summary_data, aes(x = Dose, y = Mean, 

color = Time, shape = Time)) + geom_line() + geom_

point(size = 3) + geom_errorbar(aes(ymin = Mean - SE, 

ymax = Mean + SE), width = 0.2) + scale_x_log10() + 

labs(x = “Dose (µM)”, y = “Viability (%)”, title = “Dose-

Response with Replicates (24h & 48h) of Theobromine 

on HTB9 Cells”) + theme_minimal() + theme(legend.

position = “bottom”) + scale_color_manual(values = 

c(“24 Hours” = “blue”, “48 Hours” = “red”)) + scale_

shape_manual(values = c(16, 17))

Calculate the IC50 value

We installed the “drc” package in the RStudio 

interface as follows:

install.packages(“drc”)

library(drc)

We generated a dose-response curve using the 

drc package to calculate the IC50 value for all 24 hour 

values:

# Fit a dose-response model

model <- drm(response_24h ~ doses, data = data, 

fct = LL.4())

# Calculate IC50

ic50_value <- ED(model, 50, interval = “delta”)

print(ic50_value)

Code Explanations

aes(x = Dose, y = Viability, color = Time, shape = 

Time): Maps dose to the x-axis, viability to the y-axis, 

and distinguishes between 24 and 48 hours using color 

and shape.

geom_line(): Adds lines connecting the data 

points.

geom_point(size = 3): Adds points at each data 

point with size 3.

scale_x_log10(): Sets the x-axis to a logarithmic 

scale to better visualize the dose-response 

relationship.

labs(): Adds labels for the x and y axes and the 

plot title.

theme_minimal(): Applies a minimal theme to the 

plot.

theme(legend.position = “bottom”): Places the 

legend at the bottom of the plot.

scale_color_manual() and scale_shape_manual(): 

Customizes the colors and shapes used for the 

different time points.

The pivot_longer: Is used to convert the wide-

format data into long-format data. Each replicate is 

placed in a separate row, making it easier to calculate 

statistics and plot.
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geom_errorbar: Adds error bars to the plot, 

representing the variability (mean ± SE) of each data 

point.

RESULTS

Dose-response curves and IC50 values were 

generated for both cell lines and compounds.

Figure 1. a) Dose-response graph for RT-112 cells treated with cisplatin at different doses over 24 and 48 hours using 
GraphPad Prism. b) Dose-response graph for HTB9 cells treated with cisplatin at different doses over 24 and 48 hours using 
GraphPad Prism.

Figure 2. a) Dose-response graph for RT-112 cells treated with theobromine at different doses over 24 and 48 hours using 
GraphPad Prism. b) Dose-response graph for HTB9 cells treated with theobromine at different doses over 24 and 48 hours 
using GraphPad Prism

a

b

ba



Turk Hij Den Biyol Derg 11

Cilt 83  Sayı 1 2026E. ERCAN et al.

Figure 3. a) Dose-response graph for RT-112 cells treated with cisplatin at different doses over 24 and 48 hours using 
RStudio. b) Dose-response graph for HTB9 cells treated with cisplatin at different doses over 24 and 48 hours.

Figure 4. a) Dose-response graph for RT-112 cells treated with theobromine at different doses over 24 and 48 hours. 
b) Dose-response graph for HTB9 cells treated with theobromine at different doses over 24 and 48 hours.

IC50 values

IC50 values for each cell line were calculated 

based on 24-hour viability data using the “drc” 

package in RStudio. The results are presented in the 

tables below (Table 1). Cisplatin IC50 values were 

9.398 µM and 2.018 µM for RT-112 and HTB9 cells 

respectively. Theobromine IC50 values were 15.253 

µM and 3.78 µM for RT-112 and HTB9 cells respectively.

We determined the IC50 values for each cell line and 

each dose using the GraphPad Prism software (version 

9.1.0) as follows; for the RT-112 cell line 9.8 µM for 

cisplatin and 17.19 µM for theobromine, for the HTB9 

cell line 2.4 µM for cisplatin and 3.3 µM for theobromine.

ba

a b
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Cell line / Inhibitor e:1:50 Estimate Standard Error Lower Upper

RT-112 / Cisplatin µM 9.398 0.172 8.851 9.944

HTB9 / Cisplatin µM 2.018 0.109 1.671 2.364

RT-112 / Theobromine µM 15.253 0.822 12.636 17.870

HTB9 / Theobromine µM 3.780 0.518 2.131 5.429

Table 1. Estimated effective doses of inhibitors on RT-112 and HTB9

DISCUSSION

There is no study in the literature showing the 

IC50 values of theobromine in cancer cell lines 

expecially in bladder cancer cells. However the 

IC50 values of theobromine and its derivatives are 

explained in a few study. Bedir et. al (17) found 

the IC50 value of theobromine 16.02 µM for 24 h 

and 10.76 µM for 48 h in A549 lung cancer cell line. 

We determined the IC50 values of RT-112 cell line 

9.8 µM for cisplatin and 17.19 µM for theobromine in 

GraphPad Prism software. It is found to be 9.398 µM for 

cisplatin and 15.253 µM for theobromine in RStudio. 

Also, we determined the IC50 values of HTB9 cell line 

2.4 µM for cisplatin and 3.3 µM for theobromine in 

GraphPad Prism software. It is found to be 2.018 µM 

for cisplatin and 3.780 µM for theobromine in RStudio. 

Our findings are consistent with the literature. 

Rabenstein et al. found cisplatin IC50 value of 610.5 

nM at 24 hours in HTB9 cell line in their study (26). 

Höhn et al. reported that the cisplatin IC50 value 

in RT-112 cell line was 10.7 µM at 72 hours (27).

This study provides a comparative analysis of 

RStudio and GraphPad Prism in determining IC50 

values, assessing their sensitivity and accuracy in 

evaluating drug efficacy and potency. Our findings 

highlight the strengths and limitations of each 

tool in the context of dose-response analysis.

RStudio, leveraging the R programming language, 

offers significant flexibility and precision in IC50 

calculations. Its sensitivity is enhanced by the ability 

to apply a wide range of statistical models and 

customize analyses according to specific experimental 

conditions. Advanced packages in R, such as drc 

and ggplot2, allow for sophisticated modeling and 

detailed visualization of dose-response curves. 

This flexibility, however, requires a certain level of 

programming expertise and can be time-consuming, 

which might be a barrier for users with less statistical 

experience. In contrast, GraphPad Prism excels in 

providing a user-friendly platform with built-in tools 

specifically designed for IC50 analysis. Its sensitivity 

is demonstrated through streamlined processes 

for fitting dose-response curves and determining 

IC50 values with minimal manual input. Prism’s 

intuitive interface and comprehensive graphical 

outputs facilitate quick and accurate assessments, 

making it highly accessible for researchers 

seeking efficiency and ease of use. However, the 

proprietary nature of Prism may limit its adaptability 

for more complex or non-standard analyses.

In conclusion; RStudio and GraphPad Prism both 

offer valuable capabilities for IC50 determination, 

each with its distinct advantages. RStudio is well-

suited for users requiring detailed customization and 

advanced statistical modeling, while GraphPad Prism 

is ideal for those prioritizing straightforward, efficient 

analysis and ease of use. The choice between these 

tools should be guided by the researcher’s specific 

needs for flexibility, expertise, and user-friendliness. 

Researchers can copy and paste these codes 

into an R script or the R console in RStudio 

and run it. This will generate a plot showing 

the dose-response relationship for different 

inhibitor treatment in various cancer cell lines.
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